This article provides an analysis of the effects of the old age pension on household technical efficiency using a sample of farm households in the KwaZulu-Natal province. The analysis is conducted at householdlevel and off-farm activities have been considered as additional outputs of production in the non-parametric estimation of technical efficiency.
JEL: O12, O13.
Farm household efficiency is a multidimensional concept that has been widely analysed in the empirical literature and consists of two main components: technical and allocative efficiency. This articles focuses on farm household technical efficiency and adopts a household-level approach that takes into account the role of non-farming activities. The analysis helps to understand farm households' behaviour and the constraints that prevent the optimal use of household resources. A large fraction of rural households in the KwaZulu-Natal province of South Africa has access to land for agricultural purposes and engages in a wide range of farming and non-farming activities in order to generate a livelihood. Multiple livelihood strategies characterise rural households in South Africa and are determined by the opportunities and the constrained faced by the households (May, 2000) . The majority of the poor in South Africa are found in rural areas and an increasing effort is devoted to the design and implementation of policies for rural development (Leibbrandt et al., 2006) . Understanding the reasons underlying poor performance in rural areas is important to provide insights for the ongoing land reform programs and to improve the role that government policies and rural markets play in contributing to the livelihood of rural households.
A previous study done by Piesse et al. (1996) provides a first analysis of South African farms' technical efficiency that is, however, confined to a limited sample of households in the three homelands of KaNgwane, Lebowa and Venda. The standard analysis of technical efficiency is here extended to capture the linkages between farming and non-farming activities that characterise the majority of rural households. This article follows the work of Chavas et al. (2005) who show that in the presence of market imperfections or when farming and non-farming technologies are joint, farm and off-farm decisions are non -separable and a household-level analysis of technical efficiency is more appropriate than a farm-level analysis. This approach, initially introduced by Chavas and Alibert (1993) , has been adopted more recently by Fletschner (2008) , Fletschner and Zepeda (2002) , Anriquez and Daidone (2008) and Fernandez-Cornejo (2007) . This article provides a discussion of the implications of the measurement of technical efficiency and analyses the theoretical and empirical linkages between household technical efficiency and access to liquidity that have been scarcely explored in the literature.
The analysis focuses on the impact of the pension provided by the South Africa Old Age Pension Program on household technical efficiency. The effect is identified exploiting the characteristics of the program that provides a pension to all women over age 60 and men over age 65. Pension eligibility is used instead of actual pension receipt and several specifications are proposed in order to examine the presence of potential confounding effects between the eligibility indicator and age trends or differences in background.
3 Through this analysis, this article contributes to the current debate on the effects of the South African Old Age Pension Program on household behaviour. On one side Bertrand et al. (2003) argues that the pension transfer has a negative effect on labour supply of the prime age adults living with a pensioner, the impact differs according to the age and gender of the individuals. Ranchhod (2006) also finds a negative effect of the pension on the labour supply of the beneficiaries. On the other side, Klasen and Woolard (2009) finds no effect of pension income on the reservation wage of the unemployed and Jensen (2004) finds no evidence that households reduce labour supply when they receive the pension. Moreover, Posel et al. (2006) and Ardington et al. (2009) questioned the findings in Bertrand et al. (2003) arguing that once migrants are included in the analysis the results change considerably. This study contributes to this literature by providing an analysis of the impact of the pension on farm household technical efficiency. The farm household is a more complex unit of analysis since it involves both the supply and the purchase of labour. Although the empirical analysis cannot disentangle the channels through which the pension affects household technical efficiency, its net effect is positive and robust to several specifications suggesting that this large cash transfer can improve the ability of agricultural households to efficiently use their resources.
This article begins with a discussion of the definition and measurement of technical efficiency that is followed by a description of the theoretical arguments in support of the use of a household-level analysis of technical ef-4 ficiency. I then discuss the linkages between the pension and household technical efficiency. The article continues with a discussion of the non-parametric technique adopted for the estimation of technical efficiency and an overview of the data. A description of the estimates of technical efficiency is followed by the empirical strategy adopted for the analysis of the determinants of household efficiency. The results are discussed and a set of robustness checks are conducted in order to examine the presence of potential confounding effects. Finally I present the conclusions.
Farm household technical efficiency
The concept of technical efficiency is based on the identification of a production frontier that represents the maximal combination of outputs attainable given the available set of inputs. Households operating on the frontier are considered technically efficient while those located below the frontier are considered inefficient. The aim of any empirical analysis of technical efficiency is to provide a measure that captures the relationship between the observed production and some ideal production (the frontier). In principle, if all the possible combinations of inputs and outputs are known, a measure of pure technical efficiency could be obtained and would be in line with the above theoretical definition. However, not all input-output combinations are known, quality may not be observed and data are usually available only for a sample of productive units. Therefore two main issues arise. First, because it is not possible to observe the ideal productive frontier, this concept needs to be adapted to what is observable and measurable. Departing from the underlying theoretical proposition that no units can exceed the ideal level of production, two main practices are conventionally adopted: a) assuming a specific functional form for the relationship between inputs and outputs, b) considering the best performing units in the sample as forming the frontier.
Second, the interpretation of inefficiency scores needs to be adapted to the availability of information on each household in the sample. The assumption of homogenous inputs and outputs is necessary when their quality is not observed. When neglecting input and output varieties, unobservable characteristics contribute to the variation in the observed (estimated) efficiency.
Moreover, the use of aggregate product and input values raises some concerns that will be discussed next.
In general, because the concept of technical efficiency needs to be adapted to accommodate empirical possibilities and the availability of data, caution needs to be used in the interpretation of efficiency scores. Although they may not capture pure technical efficiency they provide a useful representation of the variation in the intensity and effort in the use of observed inputs across households (Carter, 1984) . In the rest of the article, I will refer to this modified concept of technical efficiency as observed technical efficiency.
Technical efficiency at household-level
Conventional analyses of technical efficiency at farm level have generally neglected the linkages between farm and non-farm activities generated by technical interdependencies and market imperfections. As suggested by Chavas et al. (2005) the use of a household-level analysis of technical efficiency relies on the argument that on and off-farm activities are jointly produced.
Originally, the definition of joint production applied to multi-product firms refers to multiple outputs that cannot be produced separately, but are joined by the use of common non-allocable or public inputs (c1). Public inputs, once acquired to produce one output, are available costlessly for the production of other outputs (Baumol et al., 1982) . Common examples are wool and mutton from sheep or wheat and straw. A second commonly cited cause of joint production is the presence of technical interdependences (c2), for example, when the pesticide used in a field affects the yields of the nearby field. These conditions are still regarded as primary causes of jointness. However, several authors (Shumway et al. (1984) , Moschini (1989) and Leathers (1991) ) consider the presence of multiple outputs competing for an allocable input that is fixed at the productive unit level (c3) as an additional source of jointness in production.
I will here follow Lau (1972) to provide a formal definition of joint production that will be related to the above mentioned causes of jointness. According to Lau (1972) a production function F (y 1 , y 2 ; x, z) = 0 with two outputs, y 1 and y 2 , and two inputs, x and z, is said to be non-joint in inputs 1 if there 7 exist individual production functions y 1 = f 1 (x 1 , z 1 ) and y 2 = f 2 (x 2 , z 2 ) such that F (y 1 , y 1 ; x, z) = 0 if and only if x 1 + x 2 = x and z 1 + z 2 = z. That is to say that separate production functions can be obtained for each of the products and no inputs simultaneously contribute to the production of the two goods (Leathers, 1991) . The above definition provides a mathematical representation of joint production but is not easily testable, therefore alternative behavioural propositions are also provided in Lau (1972) . A necessary and sufficient condition for non-jointness in inputs is for the profit function, Π, to be additively separable in outputs. The maximised profit has the following property: ∂Π
where y * i and p i are the optimal level of output and the price of good i. According to equation 1, two outputs are attained from a non-joint production process if the supply of one good is not affected by changes in the price of the other product. While it is possible to notice that the above condition is violated in the presence of non-allocable inputs (c1) and technical interdependencies (c2) within a multiple output production process, a further step must be taken in order to explore how the presence of fixed allocable inputs (c3)
can lead to jointness in production. Following Shumway et al. (1984) , when a constraint on the total amount of inputs available is introduced (z = z 1 + z 2 ) 8 the profit maximisation problem becomes:
The solution of this problem gives the optimal output supplies, y *
and y * 2 (w, p 1 , p 2 ,z). It is possible to notice that equation 1 is violated since the supply of one output is not independent of changes in the price of the other output.
The above definition can be applied to farm and non-farm activities. In particular, three conditions can possibly lead to the jointness between farm and non-farm production. The first refers to the presence of technical interdependencies and non-allocatable inputs within farming and non farming technologies that usually emerged when skills acquired off-farm improve farm management (Chavas et al., 2005) . Ravallion (2003) points out the importance of externalities for rural development given the fact that most rural households engage in multiple activities. By engaging in off-farm activities, for example, farmers can learn about new techniques of production (Feder and Slade (1985) , Foster and Rosenzweig (1995) ), bookkeeping and finance management. Moreover some public inputs can be shared between farm and non-farm activities, for example, the housing infrastructure, food provision and equipments such as vehicles and other tools. The second condition refers to the imperfect substitutability between family and hired labour that is usu-9 ally induced by the presence of transaction costs in the labour market. In this context, family labour can be considered as a quasi -fixed allocable input in the short run since no perfect substitutes are available. In general, the presence of multiple outputs competing for a limited amount of inputs implies that the production of one output reduces the availability of resources and has a negative effect on the production of the other output. Finally, in the presence of a binding liquidity constraint, farming decisions are constrained by the availability of financial resources and off-farm earnings can promote farm production by relaxing the on farm liquidity constraint. In general, while a farm production function can be entirely separated from the nonfarm production function when none of the above conditions applies, a joint household-level analysis does not require such assumptions. In practice, this refers to the ability of quantifying the separate amount of inputs used for farm and non-farm activities. The difficulty of obtaining data on activity specific inputs partly arises from the joint nature of the two production processes as described above. Using standard surveys, for example, externalities between on and non-farm activities cannot be measured. Moreover, inputs are not usually recorded with sufficient detail (distinction between hours worked on and off-farm) and, because their allocation is affected by seasonality, often, only the total quantities available at household-level can be observed. Therefore, both the inherent jointness between farm and non-farm activities and the data limitations lead the use of a household-level analysis of technical efficiency.
In the remaining of this section I will analyse how access to a pension transfer can affect household technical efficiency. The discussion begins with a theoretical analysis of the linkages between liquidity constraints and technical efficiency. From a theoretical perspective, when considering pure technical efficiency, the relationship between liquidity and technical efficiency is complex. On one side, the presence of a liquidity constraint can improve technical efficiency since households are less likely to waste their resources.
Conversely, a liquidity constraint may exacerbate the ability to access the labour and good markets and to purchase and apply inputs on time, reducing the overall household technical efficiency. At the same time, a relaxation of the liquidity constraint can allow the acquisition of better quality inputs.
If inputs are correctly measured and differences in quality are taken into account, this would correspond to a reduction in lower quality inputs, namely a change in the proportion of inputs used. As reported in Farrell (1957) , it is not possible to predict what will happen to technical efficiency when the proportions of inputs or outputs are changed.
A similar analysis can be conducted for the allocation of labour on and off-farm in the context of a household level measure of technical efficiency.
Considering a farm household, which can be both a supplier and a purchaser of labour, the overall amount of labour employed is the sum of family labour on and off-farm and of hired labour. A pension transfer can produce alternative effects. In a standard farm household model, a liquidity constrain reduces the purchases of inputs, including hired labour, and induces the household to 11 seek off-farm opportunities (de Janvry et al., 1992) . The receipt of a pension, if used for productive purposes, is likely to induce an increase in the overall labour input or a relocation of family labour toward the activity in which the investments occurred. On the other hand, if the household is not liquidity constrained, the pension can produce an income effect, inducing the household to consume more leisure with unknown consequences on how efficiently the rest of the time and resources are employed. The reduction in family labour can result in either an overall reduction of the labour input, or, if family labour is substituted by hired labour, the overall labour input at farm household level could remain unchanged. In general, the transfer can induce a change in input proportions; its effect on household technical efficiency is ambiguous and the overall effect needs to be assessed empirically.
The linkages between the pension and technical efficiency become even more complex in the empirical analysis and are rooted in the methodology and the data adopted in the estimation of technical efficiency. As anticipated, because the production frontier is not observed and a measure of technical efficiency is obtained using the available information on inputs and outputs, where their quality is usually not observed, unobservable factors contribute to the variation in the estimated level of technical efficiency across households.
The use of low quality inputs, for example, can result in technical inefficiencies although the timing and the method of production employed are optimal and there are no wastes. Estimates of technical efficiency, therefore, reflects the quality of inputs and outputs as well as the efficiency of their management (Farrell, 1957) . Access to the pension can, for example, allow the household to afford the costs of entering better quality and more remunerative jobs, through the acquisition of equipments and skills. If quality differences are not taken into account, households with better quality outputs are given a relative higher efficiency score (Farrell, 1957) . Similarly, the purchase of better quality inputs can result in higher technical efficiencies. Moreover, even when the transfer is used for food consumption, the unobserved improved nutritional levels, if translated into higher productivities, can increase household technical efficiency. Therefore, if the pension contributes to improve the average unobserved quality of the inputs and outputs chosen, it is likely to result in an increase in household technical efficiency.
On the other hand, when input and output proportions are also affected, the impact of the pension on technical efficiency is ambiguous, as anticipated above, and the effects cannot be disentangled. It is, however, worth noting that the data used in this analysis do not allow for the distinction between leisure time and on and off-farm labour, and the overall number of family members is used to measure family labour 2 . Therefore, an income effect that reduces family labour supply would not be translated into a reduction of the family labour input but appears as if family labour is left unproductive. In general, it is not possible to disentangle the channels through which the pension transfer affects technical efficiency. Nevertheless, the empirical analysis will provide an estimate of the net effect of the pension on household technical efficiency that is useful to understand the role of this large cash transfer 13 in allowing the household to efficiently exploit their resources.
Measuring technical efficiency
Farm household technical efficiency is estimated using a non-parametric approach known as Data Envelopment Analysis (DEA). This method, first introduced by Charnes et al. (1978) , does not impose any restriction on the underlying farm technology 3 . This methodology is suitable for the analysis conducted here mainly because of its adaptability to multiple inputs and outputs that can be quantified using different units of measurement and because it does not require the distinction between hours worked on and off-farm that is not available in the survey. Because it is a deterministic approach, deviations from the frontier are all attributed to inefficiencies and differences in environmental and weather conditions, for example, are not taken into consideration. However, as far as this study is concerned, the use of data on the KwaZulu-Natal province only, restricts the potential variation in such aspects.
The farm household technology can be represented by the following technology set F (y q , y n ; X, H, L) such that X, H and L can produce the farm and non-farm outputs, y q and y n where L is total family labour. Technical efficiency (TE) is intended as the distance of the household input/output bundle to the multi-input multi-output productive frontier constructed using the information on all the farm households in the sample. Given the presence of multi inputs and outputs, the empirical estimation of technical efficiency 14 is based on the concept of output distance function:
Following the DEA approach, the output oriented productive frontier is computed as the larger upper bound set of all the possible input -output combinations 4 . The frontier, therefore, is composed by the best performing farm households in the sample. The output oriented technical efficiency is represented below in its envelopment (dual) form:
where X and Y are the matrices of inputs and outputs of all households in the sample. The elements of the vector λ i are non-zero in correspondence to those households that form part of the relevant section of the frontier. The measure of technical efficiency is given by 1/φ i and the constraint I1 λ = 1 allows for variable returns to scale.
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Household technical efficiency in KwaZulu-Natal
The analysis of technical efficiency has been conducted using the third wave (Lipton et al., 1996) . Given the peculiarities of the context under consideration, the results obtained from this analysis, might not be generalised to the larger population of South Africa or to other rural contexts.
Nevertheless, they contribute to the understanding of rural livelihoods in a context where land size is a critical constraint and off-farm opportunities, although limited, constitute for many households the one way out of poverty.
The estimation of technical efficiency employs 6 outputs and 6 inputs that are reported in table 1. About 80% of farm households in the sample produce maize that is often grown together with other cereals, vegetables and fruits. 
where T E i indicates the technical efficiency scores estimated using the DEA method, X is a vector of contextual variables described above and HE i indicates the presence of an eligible member in the household. The presence of the more lucrative off-farm opportunities, could potentially drive the results; the variable O i represents the share of off-farm earnings on total income and is intended to capture the degree of income diversification. Because the pension eligibility indicator could also capture age trends or differences in background, this study allows for differences in household technical efficiency with the age structure of the household by controlling for the age of the oldest man and woman in the household and for the presence of adult male and female members close to the eligibility age. This is done by including dummies indicating the presence of female and male members over age The coefficient of the pension eligibility variable is higher, indicating that the effect of the pension on household technical efficiency could have been underestimated due to a measurement error in the reported age of the women in the household. To provide additional support to previous results, the agediscontinuity in the pension program structure is recalled to further address the issues of possible confounding effects between pension receipt and age trends. In column 2, the effects of the presence of a household member close to the age of eligibility, namely a man aged between 50 and 64 or a woman aged between 50 and 59, is compared to the effect of having an eligible man aged between 65 and 75 and a woman aged between 60 and 75 in the household. The same exercise is conducted for the sub-sample of households that are not engaged in off-farm activities (column 4). The results show a significant impact of those members above the eligibility age, while no effect is found for the presence of adult members below eligibility. However a sharp increase in the size of the coefficient is observed for the 60-65 age group and for the others above the eligibility age. This non-linearity in the age of the woman cannot be explained by an age effect and is, instead, in line with the fact that a woman become eligible for the pension at age 60.
Similarly, when the same specification is applied to households not involved in off-farm activities (column 5), only the coefficients of the age categories above eligibility are positive and significant indicating positive effects on farm efficiency. These latter results should again be interpreted with the caveat of possible self-selection.
The results show the positive effect of the pension on household technical efficiency. This effect is likely to be the result of a combination of factors.
On one side, the transfer can help to ease a liquidity constraint enabling the households to apply inputs on time, access more remunerative jobs and acquire better quality inputs or improved technologies. On the other side, changes in input and output proportions could also be influencing the results.
The comparison of farm and off-farm productivities can help to further explore the nature of this effect. Considering the average ratio of income from crops to the cost of non-labor agricultural inputs, households with at least one pensioner show a higher output to input ratio (15:1) than other households (13:1). Although there could be systematic differences in the two groups that are not controlled for, the higher productivity in agriculture could be partly explained by differences in the quality of the inputs and outputs and the technology adopted. This is in line with the findings in Carter and May 27 (1999) where the authors identify the presence of financial constraints that limits the ability of the farm households to effectively use productive assets and endowments. Similarly Fenwick and Lyne (1999) observe that the development and growth of small-scale agriculture in the KwaZulu-Natal province appears to be constrained primarily by liquidity levels. I also consider the ratio of labor income to the number of household members employed offfarm. Similarly, households with at least one pensioner have a higher ratio (4300 RAND per worker) than other households (3700 RAND per worker).
Although the two groups could be highly heterogeneous under many aspects, these statistics suggest that access to the pension is correlated with higher off-farm productivity. This can be explained by the ability to access better quality jobs and to engage in more risky and remunerative off-farm activities.
The effect of the pension, therefore, can be partly explained by higher on and off-farm productivities that are likely to reflect differences in the quality of both inputs and outputs.
Conclusions
This article provides an analysis of farm household technical efficiency using a sample of 549 farm households in the KwaZulu-Natal province of South Africa. The study has been conducted at household-level and off-farm activities has been considered as additional outputs of production. This is 1 See Lau (1972) for the definition of jointness in outputs.
2 Farrell (1957) discusses the implications of measuring labour in manhours versus number of men employed.
3 The statistical properties of the estimator have been analysed in Banker (1993) where its consistency is proved. The most common alternative approach, the stochastic frontier analysis, cannot easily deal with multiple outputs other than using an output aggregator. Moreover, the presence of zerovalued inputs is troublesome when using the most common functional forms that require logarithmic transformations. An alternative way to handle multiple inputs and outputs is the use of stochastic input or output distance functions (Kumbhakar,2000) . These methods, however, require the use of logarithmic transformations that are not suitable for our analysis since most of the input and output variables have zero entries and the use of arbitrary measures, such as replacing zeros with very small numbers, would be necessary and questionable.
4 I adopted an output oriented analysis since most of the inputs considered, such as land and family labour cannot be easily increased or decreased in the short run according to production requirements. As mentioned above, land-holdings are a legacy of the apartheid and can therefore be considered 36 fixed given the absence of a well-functioning land market. 6 The initial sample of 558 farm households, including all households conducting agricultural activities, have been reduced following the method proposed by Wilson (1993) in order to eliminate few outliers. Outliers are defined as observations with very low probability. The elimination of 9 outliers does not significantly affect the average estimated technical efficiency.
Moreover, the inclusion of these outliers in the second stage analysis, does not significantly influence the results.
those aged between 13 and 17 and between 59 and 65 and 1 to the remaining members aged between 17 and 59.
8 Cattle correspond to 1 TLU while sheeps and goats correspond to 0.7 TLU. The average estimates varies between 0.40, excluding ILembe district municipality, and 0.47, excluding eThekwini district municipality, which are the smallest and the largest district in the sample. The variation in the average estimates seems, therefore, to be mainly driven by the reduction in the 38 sample size.
10 There is an ongoing debate on the use of this two stage procedure that involves the estimation of technical efficiency scores, in the first step, and regressions to relate efficiency scores to contextual factors in the second.
On one side, Simar and Wilson (2007) argue that efficiency scores are serially correlated and proposed a seven step double bootstrapping procedure to produce consistent estimates in the second stage. While this approach has been adopted in the literature, it has not received general consensus.
McDonald (2009) Simar and Wilson (2007) approach, the drawbacks identified by McDonald (2009) and the arguments proposed by Banker and Natarajan (2008) , I opted for a simple two stage procedure that has also been extensively adopted in the literature.
11 Several studies have investigated the effects of the South African pension system on children health (Duflo, 2003) , household structure (Edmonds et al. (2005) , Maitra and Ray (2003) ) labour supply (Bertrand et al., 2003; Posel et al., 2006; Ardington et al., 2009 ) and education (Edmonds, 2006) .
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12 This strategy has also been used in Duflo (2003) and Edmonds (2006) . 13 The use of a Tobit is also justified when the outcome is a corner solution that, however, is not the case when considering efficiency scores.
14 No households scores zero in terms of technical efficiency. Robust standard errors in parenthesis. *, ** and *** indicate significance at the 10%, 5%, and 1% level of significance. Control variables are omitted from the table
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